The hydrodistilled essential oils from flower, leaf and stem of Chaerophyllum macropodum Boiss. were analyzed by GC and GC/MS. The flower oil was characterized by high amounts of myristicin (42.5%) and trans-β-ocimene (41.0%). In the leaf oil eighteen constituents, representing 99.3% of the total, were identified of which trans-β-ocimene (24.9%), myristicin (15.7%), terpinolene (14.5%), fenchyl acetate (13.9%), cis-β-ocimene (6.3%) and sabinene (6.1%) were major components. The main components of the stem oil were trans-β-ocimene (54.2%), myristicin (22.4%) and sabinene (8.9%). Antibacterial activities of the flower, leaf and stem oils were evaluated using the micro-dilution broth method. Inhibitory effects on Escherichia coli and Salmonella typhi were recorded.
The Iranian flora contains eight species of Chaerophyllum, among which two are endemic: C. nivale Hedge et Lamond and C. khorassanicum Czern.ex Schischk. [1, 2] . Chaerophyllum species are widely distributed in Europe, Iran, the Caucasus and Central Asia, while C. macropodum is only known as a wild species in Iran and Turkey. During flowering, the plant is known to be a good source of honey. The plant is also used in traditional healing practices in most of these countries. Fresh stems and leaves are sometimes added to salads, while tea made of dried leaves and roots is used as a herbal remedy to soothe cough, allergies and sore throat.
Few investigations have been made on the composition of Chaerophyllum species [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . The essential oil composition of two Chaerophyllum species growing in Azerbaijan, C. bulbosum L. and C. macrospermum (Willd. ex Spreng.) Fisch, et Mey., have been reported [3, 4] . However, only a small number of their components were identified. In the oil of C. bulbosum, 18 compounds were identified, amounting to only 32% of the total oil, linalool (18.3%) being the major component. The oil of C. macropodum aerial parts from Iran., reported to contain α-pinene (23.0%), β-pinene (17.3%) and fenchyl acetate (13.8%) as the major constituents, was richer in monoterpene than sesquiterpene hydrocarbons [5] .
The fruits of C. hirsutum from Germany contained β-pinene (25%) [6] .The oil of C. macrospermum (Spreng.) Fisch, et C.A. Mey, growing in Iran, was obtained from aerial parts; 16 components were identified with a high percentage (97.4%) of monoterpenes with (E)-β-ocimene (40.0%) as the main constituent [7] . In the oils reported here (flower, leaf and stem), (E)-β-ocimene (41.0%, 24.9% and 54.2%, respectively) was also a main constituent. In the oil of C. aksekiense Duran et Duman, endemic in Turkey, 67 components were identified, representing 82% of the total oil. Paraffin hydrocarbons comprised 21% of the oil of C. aksekiense, with heptacosane (10.1%) as the major constituent [8] . In the oil of C. azoricum Trel., growing in Portugal, 37 components were identified; terpinolene (44-62%) and γ-terpinene (9-31%) were the major constituents [9] . of C. coloratum also contained β-pinene (6.9%) and (Z)-β-ocimene (5.5%) as main constituents [10] . The oil obtained from the whole plant of wild C. reflexum from Pakistan contained santene (1.2%), γ-terpinene (3.1%), p-cymene (8.6%), myristicin (17.3%), 1,8-cineole (2.5%), α-terpineol (4.1%), and hydroxymyristic acid (27.4%) [11] . The oils of different organs of C. hirsutum grown in Poland contained α-fenchyl acetate (50%), eugenol (2.8-22.5%), and 1,8-cineole (3.9-21%) [12] . In the oil of C. hirsutum ssp. cucutaria var. glabrum growing in Poland, α-pinene (0.02-2.2%), limonene (1.1-3.6%), cineole (0.02-2.9%), fenchone (0.13-0.88%), terpineol (0.64-3.79%), and eugenol (16.3-18.8%) were the major constituents [13] . Vashisht et al. fractionated the oil obtained by steam distillation, and determined the physico-chemical characteristics of the individual components of C. villosum grown wild in India [14] . In the oil of C. bulbosum ssp. bulbosum growing in Greece, sesquiterpenes (20.9%) and alkanes (14.2%) occurred in amounts similar to that encountered in the oil of C. macropodum. Apiole (37.1%) was reported as the main constituent of the oil of C. bulbosum ssp. bulbosum [15] . To the best of our knowledge, this is the first report on the flower, leaf and stem oils of C. macropodum Boiss. from Iran.
The results obtained for the analyses of the oil of C. macropodum flower, leaf and stem are listed in In the oil of the aerial parts of plants collected near Chalous road, 120 Km north of Tehran, monoterpenes (90.2%) predominated over sesquiterpenes (6.8%), and α-pinene (23.0%), β-pinene (17.3%) and fenchyl acetate (13.8%) were the major constituents of the twenty-eight characterized, which comprised 98.5% of the total oil [5] . The dominant compound in the oil of C. bulbosum growing in Azerbaijan was linalool (18%) [3] . Of the oils isolated from the leaves and stems collected during the vegetative and flowering phases of the plant, and from the fruits of C. azoricum growing in the Azores archipelago, terpinolene (44-6%) and γ-terpinene (9-31%) were the main components [9] . From the water-distilled oil obtained from the aerial parts of C. macrospermum, the major components were (E)-β-ocimene (40.0%), tricyclene (19.4%) and δ-3-carene (18.3%) [7] . Distillation: Air dried flowers (100 g), leaves (150 g) and stems (150 g) of C. macropodum were separately subjected to 4 h of hydrodistillation in a Clevengertype apparatus. The resulting oils (yields flowers 0.8%, leaves 0.3% and stems 0.07% v/w) were dried over anhydrous sodium sulfate and immediately placed into glass tubes and sealed. The samples were stored in the dark at 2°C until analyzed.
GC analysis: GC analysis was performed on a Shimadzu 15A Gas Chromatograph equipped with a split/splitless injector (250°C) and a flame ionization detector (250°C). N 2 was the carrier gas (1 mL/min) and the capillary column used was DB-5 (50 m × 0.2 mm, film thickness 0.32 µm). The column temperature was kept at 60°C for 3 min and then heated to 220°C at a 5°C/min rate and kept constant at 220°C for 5 min.
GC/MS analysis: GC/MS analysis was performed using a Hewlett Packard 5973 with an HP-5MS column (30 m × 0.25 mm, film thickness 0.25 µm). The column temperature was kept at 60°C for 3 min and programmed to 220°C at a rate of 5°C/min and kept constant at 220°C for 5 min. The flow rate of the carrier gas, helium, was 1 mL/min. MS were taken at 70 eV. Identification of the oil constituents was made by comparison of their mass spectra and retention indices (RI) with those given in the literature and with authentic samples [16] . Relative percentage amounts were calculated from peak area using a Shimadzu C-R4A chromatopac without the use of correction factors.
Pharmacological screening: For screening of the essential oils for antibacterial activity, the impregnated agar diffusion disc method was adopted. A 50% v/w solution of the oil was prepared and Whatman paper discs, 4 mm diameter, were impregnated and oven dried at 37ºC for 1 h to remove the presence of solvent. 1 x 10 6 CFU/mL of the test bacteria was prepared and seeded into the solid agar medium. The impregnated paper discs were placed at suitable intervals on the agar layer and incubated for 24 h at 37ºC. After 24 h the zones of inhibition were measured and recorded.
